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Abstract A new species of cervid, Euprox altus, from the Middle Miocene fossil locality of Damiao, 
Siziwangqi, Nei Mongol, is described and studied in detail. It is assigned to Euprox based on its true 
burrs , bifurcation above the burr, long pedicles, brachyodont cheek teeth, developed parastyle and me- 
sostyle, neocrista and cingulum on each upper molar, developed metaconid and hypoflexid on p4 and 
Palaeomeryx folds on lower molars. The diagnostic character of E. altus is that the bifurcation begins at 
a higher position than in other species. The beginning of the bifurcation is indicated by an abrupt wide- 
ning of the antler base. This position can be used as a new distinguishing feature, distinct from the 
overall position of bifurcation. The uneven longitudinal grooves, more brachyodont teeth, fold on the P4 
postprotocrista, almost invisible paraflexid and small trigonid basin on p4, and weak Palaeomeryx fold 
on the lower molars further differentiate the new species from other Euprox species. The presence of E. 
altus may indicate a warm and humid environment during the latest Middle Miocene in the Damiao area, 
in sharp contrast to the current dry and harsh environment. 

Key words Damiao, Nei Mongol, Middle Miocene, Cervidae, Euprox 
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1 Introduction 


Euprox was named by Stehlin in 1928 when he studied fossil cervids from Steinheim in 
Germany. This genus, in which translation of the pedicle base and elongation of the frontal 
bone are incipient, appears to be the sister group of Muntiacini based on the shared presence of 
strongly inclined pedicles which seem to be a diagnostic synapomorphy of the subfamily Munti- 
acinae ( Azanza, 1993; McKenna and Bell, 1997). Euprox emerged in the early Astaracian in 
MN6 (about 16 Ma), and its last known representative was the Vallesian Huprox dicrancerus 
(Gentry, 1994). The fork of the antler in Euprox arose somewhat above the prominent burr 
(Colbert, 1940) , but the exact distance between the burr and the fork has been a point of un- 
certainty. Before that it is important to find out the starting position of the bifurcation, distinct 
from the overall position of bifurcation. The point where the antler base begins to widen coin- 
cides with the beginning of the bifurcation of the antler. The point of widening can be used as a 
new distinguishing feature in Euprox. 

The American Museum of Natural History’s Central Asiatic Expeditions of the early 20" 
century, led by R. C. Andrews, discovered rich fossil mammals in Nei Mongol, including the 
Tunggur fauna, representative fauna of the Chinese Middle Miocene Tunggurian age. According 
to Colbert (1940) , they found some Euprox antler material. During the field seasons from 2006 
to 2009 , we found a total of 34 mammalian fossil localities near Damiao village. Richest among 
these was a Middle Miocene locality, DMO1 ( Fig. 1) , produced many antlers and teeth. These 
antlers differ from those of other known Euprox species, representing a new form of Euprox. 
This paper will describe the new species and discuss the starting position of the bifurcation in 
Euprox antlers. At last, we will briefly discuss the environment in which the new species lived. 
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Fig.1 The traffic location of DMO1 
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DMO1(N 42°00'31.4”, E 111°34’'50”) is near Damiao village, about 65 km northwest of 
Wulanhua town, Siziwanggi, Nei Mongol. The outcrop is in a small gulley near the Shara Mu- 
run River. The fossil-bearing layer is about 3 m in thickness. It is a gravel lens in horizontally 
bedded brown silty clays. The lens is mainly composed of carbonate nodules but containing 
small amounts of quartz and feldspar. The color of the fossil-bearing layer is black to dark gray. 
In 1975, this deposition was named the Damiao Formation ( Zheng et al., 1999). The mamma- 
lian fossils from DMO1 resemble the Tunggur fauna. However, the presence of the pliopithecid 
and other small mammals suggests that the geological age of DMO1 can provisionally be consid- 
ered latest Middle Miocene, whereas the Tunggur fauna may be slightly older (Zhang and Har- 
rison, 2008 ). 

We follow Dong (2004, 2008 ) with respect to the terminology of dentition and antler. The 
specimens described in this paper are housed in the Institute of Vertebrate Paleontology and Pa- 
leoanthropology ( IVPP) , Beijing. 


2 Systematic paleontology 


Mammalia Linnaeus, 1758 
Artiodactyla Owen, 1848 
Cervidae Gray, 1821 
Muntiacinae Pocock , 1923 
Euprox Stehlin, 1928 


Euprox altus sp. nov. 
( Figs. 2-3; Table 1-2) 


Holotype A nearly complete shed right antler from the DMO1 locality ( IVPP V 17738.5). 

Included material 26 antlers or anther fragments( V 17738. 14, V 17738. 6-27) ,9 teeth 
(2 left P4, 1 left M1, 2 left M2, 1 right M1, 1 right p4, 1 left ml, 1 right m2) ( V 17738. 28- 
36). 

Type locality and stratum DMO1, Siziwanggi, Nei Mongol, Damiao Formation. 

Etymology Altus, Latin, high. The antlers of the new species begin to bifurcate at a 
high position than in other species of Euprox. 

Diagnosis A small Euprox species, having two-tined antlers with prominent burrs. The 
fork of the antler starts high above the true burr. The antler surface is ornamented unevenly with 
longitudinal grooves. The cheek teeth are brachyodont. The fold on the postprotocrista of P4 is 
developed. The precingulum, entocingulum and postcingulum are present and linked together 
on the upper molars. The Palaeomeryx fold is present but weak on the lower molars. 

Measurements See Tables 1-2. 

Description Antler The type specimen ( V 17738.5) (Fig. 2E) is a two-tined right 
antler with a prominent burr, lacking the tips of the tines. The antler base grew about 17.4 mm 
above the burr before it began widening. The line “ab” in the figure shows the point of wide- 
ning. Finally, the main beam and the brow tine diverge from each other at a point 44.2 mm 
above the burr, forming an angle of 80 degrees. The cross section of the tine is round. The burr 
is composed of a series of developed bony nodes and resembles a cluster of pearl ring. Its shed- 
ding scar is very distinct and round, forming a small bump. The cross section of the antler base 
is oval. The antler bears longitudinally aligned grooves on both the anterior and posterior sides. 
In addition to the type specimen, 26 other antler specimens are available. A right antler with a 
broken brow tine, main tine and pedicle ( V 17738. 1) (Fig.2A) belongs to a young individu- 
al. Though its burr was worn during the process of transportation and preservation, the exist- 
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Table 1 Antler measurements of Euprox altus sp. nov. from DMO01 (mm) 
i Distance between burr and Height of starting position of Antero-posterior diameter of 
Specimen number : : } ; 
bifurcation bifurcation burr 
V 17738. 1 31.0 8.3 >24. 8 
V 17738.2 32.1 8.3 >29. 4 
V 17738.3 >48.5 17.6 >24.7 
V 17738. 4 42.7 16.2 >24. 8 
V 17738.5 44.2 17.4 31.4 
V 17738.6 > >26.5 >26.5 >30.2 
V 17738.7 59.9 26.3 35.7 
V 17738.9 >35.4 21.6 >22.3 
V 17738.10 > >52.4 > >52.4 >30. 8 
V 17738.11 >72.9 45.7 >24.3 
V 17738.12 > >49.0 > >49.0 30.0 
V 17738. 13 > >59.5 34.6 = 
V 17738.14 71.7 37.8 > >24.0 
Table 2 Dental measurements of Euprox altus sp. nov. from DMO01 (mm) 
Tooth Length Width Height 
P4 (left) 9.3 13.1 7.0 
— 10.2 8.9 
M1 (left) 13.7 16.5 7.0 
M2 (left) 13.6 15.4 5.6 
13.7 16.7 7.9 

M1 (right) 14.5 17.4 7.1 

p4 (right) 11.7 7.7 5.4 

ml (left) 12.1 10.6 4.8 

m2 (right) 14.5 12.0 8.0 


ence of a burr can still be deduced from the round pedicle. On the surface, a few shallow 
grooves longitudinally align. V 17738.2(Fig.2B) is an injured two-tined antler. A small new 
tine was growing from the broken brow tine. However, the small new tine only grew a small 
amount before the whole antler crown was shed. The antler base is flat in lateral view. Two 
shed antlers, V 17738.3 and V 17738.4(Fig.2C, D), have lost their tines but each preserves 
the antler base and an evident burr. In both specimens, the point of widening is high above the 
burr. The middle part of the scar on V 17738.3 forms a bump like that on the type specimen 
V 17738. 5, but the bump is absent in V 17738.4. There are some longitudinally aligned grooves 
on their surface. V 17738. 6( Fig.2F) is an antler retaining a small part of the antler base and 
an evident burr. The preserved antler base is of constant diameter, including the preserved part 
that is entirely below the level of the bifurcation. The cross section of the antler base is oval. 
Several grooves align longitudinally on its surface. Another specimen ( V 17738. 7 ) (Fig.2G) is 
a right adult shed antler with two broken tines and a prominent burr. The bifurcation is located 
59.9 mm above the burr, and the point of widening is 26.3 mm above the burr. The antler 
base is slightly curved outward. Unlike the type specimen, the middle of the round scar on this 
antler dose not form a bump. Grooves developed mainly on the anterior and posterior sides, as 
in the type specimen. 

V 17738. 9( Fig. 2I) is a small sized antler belonging to a young deer. Its surface is rough 
and the scar forms a bump. V 17738. 10 ( Fig. 2J) is an antler with a distinct burr and long 
antler base. The antler base is directed posteriorly and the anterior part of the burr is better de- 
veloped than the posterior part. The shedding scar is oval. The preserved long antler base shows 
no sign of the beginning of the bifurcation. Grooves are visible. V 17738.11(Fig.2K) has a 
prominent burr and very long antler base. The preserved part of the antler base is about 71.0 
mm long. In this specimen the point of widening is very high. Although the antler base begins 
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Fig.2 Antlers of Euprox altus sp. nov. from DMO1, Nei Mongol 
A. V 17738.1; B. V 17738.2; C. V 17738.3; D. V 17738.4;E. V 17738.5 (Holotype); F. V 17738.6; 
G. V 17738. 7; H. V 17738.8; I. V 17738.9; J. V 17738.10; K. V 17738.11; L. V 17738.12; 
M. V 17738.13; N. V 17738.14; O. V 17738. 15; P. V 17738.16; line ab: the point of widening 


to widen, the actual bifurcation is not visible. The scar is round and slightly depressed. 
V 17738. 12( Fig.2L) is an antler with part of the antler base, a prominent burr and part of the 
pedicle. Its burr is a typical cluster of pearl-shaped nodes. There are many grooves on the sur- 
face of the antler base, but the surface of the pedicle is less grooved. As in V 17738.10, the 
preserved long antler base shows no sign of the beginning of the bifurcation. V 17738. 13( Fig. 
2M) is an antler with a broken bifurcation and an incomplete, crooked antler base. The point 
of widening is very high. V 17738.14(Fig.2N) is an antler with a complete antler base, two 
broken tines and a worn burr. The burr is badly worn but the oval-shaped scar is still visible. 
Very deep grooves are present on the surface of the antler base and the point of widening is very 
high. 

V 17738. 8( Fig. 2H) is a part of pedicle. The total preserved length is about 91.6 mm. 
Although the attachment to the antler crown is missing, it is clear from what is preserved that 
the pedicle is long. The cross section of the proximal end is slightly oval, whereas that of the 
distal end is round as in V 17738. 1 and also V 17738. 15. V 17738. 15( Fig. 20) is a partial 
pedicle with a prominent burr. It belongs to a young deer, judging by its small size. V 17738. 16 
(Fig.2P) is the middle part of a tine with deep grooves. Its distal end is slightly curved. Other 
specimens are not well preserved to give detailed morphologic characters. Antlers of Euprox al- 
tus show three kinds of scar: 1) a round scar with a bump ( V 17738.3, V 17738. 5 and 
V 17738.9) ; 2) a round and slightly concave scar ( V 17738.4,V 17738.6, V 17738.7 and 
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V 17738.11); 3) an oval and slightly convex scar ( V 17738.2, V 17738.10 and V 17738. 
14). The grooved surface ornament occurs mainly on the anterior and posterior sides of the 
antler base in the new Euprox. 

Table 1 shows the antler measurements of Euprox altus sp. nov. The distance between the 
bifurcation and the burr varies greatly, from 31.0 to >72.9 mm. The burrs are rather consist- 
ent in size, the diameter from >22.3 to 35.7 mm. Czyżewska (1968) described Euprox furca- 
tus from Poland. She mentioned that the bifurcation of the antler could be either high or low in 
E. furcatus, and this is also true of E. altus from Damiao. Although the distance between the 
bifurcation and the burr varies greatly, it is probably intraspecific. This is one reason we refer 
all these specimens to a single species. Another reason is the high starting position of the bifur- 
cation, as opposed to the position of the bifurcation itself. The specimens from DMO1 show that 
the growth of the antler base took place in two phases. The first is the growth of the antler base 
prior to bifurcation. The diameter of the antler base is minimizing after it grows from the burr, 
or keeps the same diameter before the antler base begins to widen. The second phase is the bi- 
furcation. The starting point of the bifurcation is marked by widening of the antler base and the 
starting position is well below the forking. 

Dentition Nine teeth from DMO1 are referred to Euprox altus sp. nov. (Fig.3; Table 2). 


5 p&i pi: a 
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Fig. 3 Cheek teeth of Euprox altus sp. nov. in occlusal view 
A. 1 P4 (V 17738.28); B. 1 P4 (V 17738.29); C. 1 M1 (V 17738.30); D. r MI (V 17738.31); E. 1 M2 (V 
17738.32); F. 1 M2 (V 17738.33); G. r p4 (V 17738.34); H. r m2 (V 17738.35);I. 1 ml (V 17738.36) 


Two left P4 were recovered from DMO1. The width of the better-preserved one ( V 17738. 29 ) 
is greater than its length. This P4 is composed of two main selenodont cusps, a paracone and a 
protocone. The protocone is lower than the paracone. A fold on the postprotocrista indicates in- 
cipient molarization of the tooth ( Dong, 2004). The parastyle, metastyle and rib of the para- 
cone are developed. The precingulum and postcingulum are developed on the lingual wall. The 
entocingulum is very weak but bears some wrinkles on its surface. Another P4 is incomplete, 
but the fold on the postprotocrista is evident. Although the lingual wall has been destroyed, the 
precingulum and postcingulum are still visible. 

A single left M1 and a single right M1 ( V 17738. 30-31 ) are present. The width is slightly 
greater than the length. Each tooth is composed of four selenodont main cusps. The lingual 
main cusps are lower than the buccal ones. The protocone is larger than the metaconule. The 
postprotocrista bears the neocrista and the spur on the postmetaconule crista is absent. On the 
buccal wall, the parastyle, rib and mesostyle are prominent. The metastyle is very weak. On 
the lingual wall, the precingulum, entocingulum and postcingulum are well-developed. 


There are two left M2 ( V 17738. 32-33). The tooth is similar to M1, but the two M2 
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bears the spur on the postmetaconule crista. V 17738.33 is heavily worn. The parastyle of M2 
is more prominent than that of M1. 

The outline of p4 ( V 17738. 34) in occlusal view is nearly rectangular. The protoconid 
and hypoconid are developed. A hypoflexid exists between the protoconid and hypoconid on the 
buccal wall. The paraflexid is almost invisible because of the fusion of the paraconid and para- 
stylid. The paraconid extends towards the premetacristid without reaching it, leaving an open 
trigonid basin. The metaconid is large with a concave lingual side, and is located slightly distal 
to the protoconid. The entoconid is more robust than the entostylid and the talonid basin be- 
tween them is very narrow. 

The ml ( V 17738.36) is well worn and the trigonid is narrower than the talonid. The hy- 
poconid is buccally well set off, forming a wide talonid basin. There is a remnant of the ecto- 
stylid on the labial wall. 

The m2 ( V 17738.35) is composed of four main selenodont cusps. The buccal main cusps 
are more robust but lower than those of the lingual ones. Palaeomeryx fold is present but weak 
on the postprotocrista. The ectostylid is not developed. The precingulid, postcingulid, para- 
stylid and metastylid are weak. 


3 Comparison and discussion 


3.1 Comparisons among Miocene cervids with two-tined antlers 

Previously discovered Miocene two-tined cervids have been assigned to Procervulus Gaud- 
ry, 1878, Acteocemas Ginsburg, 1985 , Heteroprox Stehlin, 1928, Dicrocerus Lartet, 1837, Eu- 
prox Stehlin, 1928, Muntiacus Rafineque, 1815, Paracervulus Teilhard de Chardin & Tras- 
saert, 1937, Eostyloceros Zdansky, 1925, Amphiprox Haupt, 1935, and Lucentia Azanza & 
Montoya, 1995(Fig.4; Table 3). 

The earliest cervid with two-pronged antlers is Procervulus Gaudry, 1878 from the Early 
Miocene in Spain (DeMiguel et al., 2008). Procervulus has a distal fork on a long, straight 
pedicle. An antler with this kind of distal fork, lacking an obvious burr or coronet, is called a 
protoantler (Gentry, 1994; Gentry et al., 1999). Euprox antlers have a typical burr, making 
them easily distinguishable from the protoantlers of Procervulus. 

As summarized by Gentry (1994), the earliest antlered deer are Heteroprox and Dicro- 
cerus , both of which appear in the Late Orleanian in MN5 ( Pitra et al., 2004). Heteroprox is a 
probable descendant of Procervulus, based on similarity in size and the presence of a pro- 
toantler. Heteroprox is characterized by its rugose surfaces of the tines extending downwards to a 
level slightly below the fork (Gentry, 1994; Gentry et al., 1999). The grooves on the antlers of 
Euprox are less pronounced than those on the antlers of Heteroprox, and Euprox has the true 
burr. Not all specimens of Heteroprox have exactly two tines (Ginsburg and Crouzel, 1976). 

Dicrocerus was the largest known cervid of this age. Its protoantlers each bears a burr-like 
structure. Straight prongs originate from the wide basal plate and diverge anteroposteriorly. Di- 
crocerus is considered to have originated from Acteocemas Ginsburg, 1985. In the latter taxon 
the antler consists of a short, ornamented, two-pronged fork mounted on a short pedicle, 
equipped with a delicate burr-like structure around the base (Gentry et al., 1999; Thenius, 
1948; Wang et al., 2009). Euprox, another Middle Miocene deer, has a complete burr rather 
than a burr-like structure of the type present in Dicrocerus and Acteocemas. Moreover, Euprox 
lacks the wide basal plate of Dicrocerus and the tines of Euprox curve inwards slightly, rather 
than being straight as in Dicrocerus. Another distinguishing feature is that the position of the 
fork is higher in Euprox than in Dicrocerus. 

During the Late Miocene, the dichotomous antler with more or less equal prongs gradually 
gave way to an asymmetric antler with a main branch and a smaller anterior branch, and the 
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Fig.4 Antlers of Miocene two-tined cervids 
A. Procervulus dichotomus (Ginsburg and Bulot, 1987); B. Acteocemas infans (Stehlin, 1939); C. Hetero- 
prox lartelti (Stehlin, 1928); D. Dicrocerus elegans (Thenius, 1948); E. Euprox furcatus ( Thenius, 
1948) ; F. Muntiacus noringenensis ( Dong, 2007); G. Paracervulus brevis ( Teilhard de Chardin and Tras- 
saert, 1937) ; H. Amphiprox anocerus (Thenius, 1948) ; I. Lucentia iberica ( Azanza and Montoya, 1995) ; 
J. Eostyloceros blainvillei (Zdansky , 1925 ) 
Line ab; the point of widening; Line cd; the height of the starting position of the bifurcation above the burr; 
Line ef; the highest extent of the burr 


Table 3 Comparison of antler morphology among Miocene cervids with two-tined antler crowns 


Genus Burr Ornament Basal plate Fork position Antler base 
Procervulus absent absent absent distal fork absent 
Acteocemas burr-like grooves present low short 
Heteroprox burr-like rugose surface absent normal straight 
Dicrocerus burr-like grooves obvious low short 

Euprox true burr grooves absent variable straight 
Muntiacus true burr grooves absent low short 

Paracervulus true burr grooves absent very high straight 
Eostyloceros true burr grooves absent low short 
Amphiprox true burr grooves absent very high straight 


Lucentia true burr grooves absent very high sharply curved 
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number of distal tines subsequently increased. The antler base also evolved, with the pedicle 
shortening (Gentry et al., 1999). Muntiacus Rafineque, 1815, Paracervulus Teilhard de Char- 
din & Trassaert, 1937, Fostyloceros Zdansky, 1925 and Amphiprox Haupt, 1935 all appeared 
during this time. The earliest Muntiacus known at present is Muntiacus noringenensis from the 
Late Miocene of the northeastern Qinghai-Tibetan Plateau, China (Dong, 2007). This taxon 
has an obvious burr, but differs from Euprox in having a low, much smaller brow tine and a 
more curved main tine tip. In addition to the differences of antlers, molars of Muntiacus are 
devoid of the Palaeomeryx fold and cingulum ( Czyżewska, 1968) but the teeth from DMO1 
assigned to Euprox altus sp. nov. have Palaeomeryx fold and cingulum. Paracervulus was 
discribed by Teilhard de Chardin and Trassaert in 1937 based on specimens from the Yushe 
Basin. It is characterized by a higher position of divergence between the brow tine and the main 
tine. The brow tine is very small, and even disappears in Paracervulus simplex ( Dong et al., 
1994). Eostyloceros has a short and straight brow tine compared with the longer and curved 
main tine. These are different from Euprox (Zadansky, 1925). 

Amphiprox Haupt, 1935 was restricted to Europe. In comparison to Euprox, it has a longer 
shaft between the burr and the bifurcation, a very small brow tine and a different pedicle posi- 
tion (Gentry et al., 1999; Thenius, 1948). Lucentia Azanza & Montoya, 1995, which was re- 
covered from the lower Turolian (MN 11) of Spain, is not a representative of Muntiacinae and 
is probably the sister taxon of the clade Cervinae-Odocoileinae. Its very long beam is longitudi- 
nally compressed and sharply bent inward. Small tine points diverge at an acute angle from the 
anterior margin of the beam. The pedicles are not prolonged as ridges on the sides of the skull 
roof ( Azanza and Montoya, 1995; Bernor et al., 2002 ; Hillenbrand et al., 2009). These char- 
acters are absent in Euprox. 

The line“ ab” in each panel of Fig. 4 shows the point of widening, the line “cd” shows the 
height of the starting position of the bifurcation above the burr and the line “ef” shows the high- 
est extent of the burr. The height of the point of widening varies among genera. In Dicrocerus 
elegans (Thenius, 1948) , Euprox furcatus (Thenius, 1948) , Muntiacus noringenensis ( Dong , 
2007) and Eostyloceros blainvillei (Zdansky , 1925) , the point of widening starts in a relatively 
low position. In Paracervulus brevis ( Teilhard de Chardin and Trassaert, 1937) , Amphiprox 
anocerus (Thenius, 1948) and Lucentia iberica ( Azanza and Montoya, 1995), the point of 
widening is higher. 


3.2 Comparisons among antlers within Euprox 

Euprox is a group of widely distributed cervids recorded from Middle to Upper Miocene fos- 
sil localities. Euprox furcatus, the type species, is well documented at many Middle Miocene 
fossil localities (Morales and Soria, 1981; Thenius, 1948; Gentry et al., 1999). The Damiao 
species is very similar to E. furcatus in having an evident burr located some distance below the 
bifurcation. Compared to E. furcatus, the distance separating the burr from the bifurcation is 
longer in E. altus and the antler is more slender (Fig. 5). 

In E. furcatus the bifurcation starts close to the burr. An even lower position is observed in 
Dicrocerus elegans , in which the bifurcation starts directly from the wide basal plate. Two speci- 
mens of E. altus, V 17738.5 and V 17738.7( Fig. 5E, F), show a higher point of widening. 
Euprox robustus from the Yuanmou Basin of Yunnan Province ( Dong et al., 2003) is much lar- 
ger than E. altus sp. nov. In addition to being robust, antlers of E. robustus display a much 
lower point of widening (Fig.5C). Euprox dicranocerus is a characteristic species of the early 
Vallesian ruminant assemblages of Central Europe ( Vislobokova, 2005 , 2006; Gentry, 1993). 
E. dicranocerus (Thenius, 1948) is considerably different from E. altus sp. nov. in having 
well developed grooves and crests on the surface of the antler base, the grooves even connecting 
with the burr. The point of widening in E. dicranocerus is higher than in E. furcatus and E. ro- 
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Fig.5 Comparison of the antlers in Euprox 
A. Dicrocerus elegans (Thenius, 1948) , for comparison; B. Euprox furcatus (Thenius, 1948); C. Euprox 
robustus ( Dong et al., 2003); D. Euprox dicranocerus ( Thenius, 1948); E-F. Euprox altus sp. nov., 
E. V 17738.5, F. V 17738.7; explanations for lines ab, cd and ef see Fig. 4 


bustus , but lower than in E. altus. 

Dicroceros | sic; recte Dicrocerus | minimus Toula, 1884 was named on the basis of some 
cervoid teeth from Goriach, Austria, and was later reassigned to Euprox Stehlin, 1928 ( Gen- 
try, 1993). Thenius (1948) mentioned an antler of E. minimus belonging to a pricket, and 
suggested that this species produced antlers only in the form of prickets just as modern mazama 
( Czyzewska and Stefaniak, 1994). 

Vislobokova (1983 ) demonstrated the presence of an expanded basal plate and burr-like 
structure in Euprox margaritae. We believe that this species may possibly belong to Dicrocerus. 

Euprox cf. E. furcatus, from Upper Miocene of Shanxi Province (Zdansky, 1925) , has a 
straight main tine and an obliquely directed brow tine. In E. altus, the main tine is not so 
straight and the two tines both diverge at the same angle. Euprox sp. from Tsaidam Basin, 
Qinghai Province (Bohlin, 1937) is much larger than E. altus from Damiao. Colbert (1936 ) 
described some material from Tunggur as Dicrocerus sp. Subsequently, in 1940, he changed his 
mind and considered these specimens to be comparable to the European E. furcatus. They all 
show a true burr and a bifurcation above the burr, indicating that they should be assigned to 
Euprox. However, Euprox from DMO1 has a more evident burr and very long antler base, in 
contrast to the Tunggur specimens. 


3.3 Comparisons regarding the teeth of Euprox altus sp. nov. 

The cheek teeth found at DMOI are low crowned. The parastyle and mesostyle are deve 
loped; and a neocrista and cingulum are present on each upper molar. On p4, the metaconid is 
developed and a hypoflexid is present. On the lower molars, Palaeomeryx fold is present. These 
are characters of Euprox Stehlin, 1928. However, the p4 differs from those of E. robustus and E. 
furcatus in having an almost invisible paraflexid and a small trigonid basin. The weak Palaeome- 
ryx fold on the lower molars distinguishes them from those of E. robustus , but is a point of resem- 
blance to E. furcatus. The existence of a fold on the postprotocrista of P4 in E. altus contrasts 
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with the larger basin in E. furcatus ( Czyżewska and Stefaniak, 1994). The right M1 (V 17738. 31) 
and the right m2 ( V 17738. 35.) are unique among the nine available teeth in having similar 
abrasion with the ones from Przeworno and Yuanmou. Comparing the hypsodont indices (Table 
4), the two teeth of E. altus are both lower than teeth of E. furcatus and E. robustus. 


Table 4 Hypsodont indices (height/length x 100) of Euprox species 


Locality DMO1 Przeworno Yuanmou 

Speci E. alt E. furcatus E. robustus 
ees ia ati eae ( Czyżewska and Stefaniak., 1994) (Dong et al., 2003) 
M1 48.79 ~51.06 78.30 48.22 ~ 67.65 
m2 55.35 66. 1 ~74.33 56. 86 ~ 62. 84 


4 Interpretation of the paleoenvironment of Euprox altus sp. nov. from Damiao 


Euprox is well represented by fossil material from Steinheim in Germany. Reconstruction of 
the paleoenvironment and paleoclimate of the Middle Miocene lake in the Steinheim Basin, 
based on C, O and Sr isotopes analyses of fossil remains, indicated warm-temperate climatic 
conditions, possibly combined with high humidity ( Tütken et al., 2006). 

Dong et al. (2003) suggested that Euprox robustus possibly fed on sap-rich and tender 
leaves of dicotyledonous plants, based on its brachyodont cheek teeth and long cingula. Such 
vegetation could only thrive in a humid and temperate climate. Table 4 shows that hypsodont in- 
dice of Euprox altus is lower than those of the other two Euprox species. These evidences may 
confirm that the habitat of E. altus was also warm and humid, in sharp contrast to the current 
dry and harsh environment. 

Zhang and Harrison (2008 ) discussed the pliopithecid found from DMO1. They speculated 
the absence of primates in northern China during the Late Miocene might be related to the onset 
of the East Asian Monsoon, which produced a dry and strongly seasonal climate. The finding of 
Euprox altus suggests that during the latest Middle Miocene the monsoon had not yet formed or 
had not influenced the Damiao area at least. 


5 Conclusion 


The new species of cervid, Euprox altus sp. nov., from the DMO1, is assigned to Euprox 
Stehlin, 1928. E. altus shows its evident true burr, high starting position of the bifurcation 
above the burr, long pedicle, brachyodont cheek teeth, developed parastyle and mesostyle, the 
presence of neocrista and cingulum on the upper molars, developed metaconid and hypoflexid 
on the p4, the presence of Palaeomeryx fold on the lower molars. Tooth morphology and com- 
parison with other species suggest that during the latest Middle Miocene the Damiao area was a 
warm and humid environment. 
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